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Sir: 

Prior to examination, kindly amend the above-identified application as follows: 

IN THE SPECIFICATION: 

Page 1, line 1, delete "SPECIFICATION"; 

Page 1, after the title insert -This application is the national stage entry of 
PCT/JP98/02927 filed June 30, 1998, claiming benefit of Japanese appHcation 9/205235 filed 
July 14, 1997.-- 

IN THE CLAIMS: 
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Claim 4, line 1, change "claims 1 to 3" to -claim 1~. 
Claim 6, line 1, change "claims 1 to 5" to -claim 1-. 
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SPECIFICATION 



TRANSGENIC MAMMALS^ 



5 TECHNICAL FIELD 

This invention provides transgenic mammals. Particularly, the invention 
provides the nonhuman transgenic mammals carrying the human complement- 
inhibitor (hDAF/CD55) gene. More particularly, the invention provides domestic 
and laboratory animals carrying the hDAF gene. 

10 

BACKGROUND OFTHE INVENTION 

Recently, studies on animal-to-man organ transplantation 
(xenotransplantation) have been carried out mainly in European countries and 
the United States. Because of close relation to human beings, apes may be 

15 desirable donors, but the use of their organs may be infeasible because of the 
shortage of these animals and their high intelligence. However, domestic 
animals, particularly pigs, have advantages of their organ sizes and shapes 
similar to those of man, easy supply due to mass rearing and established basic 
technology. Consequently, organ transplantation from the pig to man has 

20 mainly been studied. 

If a porcine organ is transplanted to man, it will immediately (within 
minutes) and severely be rejected (hyperacute rejection), resulting in loss of its 
functions. 



These phenomena are thought to be caused by a series of reactions; (1 ) 



Human blood contains endogenous antibodies against porcine cells (termed 
natural antibodies). If a porcine organ is transplanted to man, such antibodies 
recognize the porcine organ and form antigen-antibody complexes. (2) The 
antigen-antibody complexes activate complement in human serum and trigger 
the complement cascade reaction. The attachment of C1 to the antigen- 
antibody complexes triggers reactions of C4 and C2, resulting in formation of 
C3 convertase, which activates C3 and cleaves it to C3b and C3a, The 
attachment of C3b to the cell surface of the porcine organ results in formation 
of C5 convertase, which activates C5 and cleaves it to C5b and C5a. The 
attachment of C5b to the cell surface results in sequential attachments of C6, 
C7, C8 and C9. (3) In consequence of the complement cascade reaction, the 
membrane attack complex (MAC) is formed (termed the classical complement 
pathway). MAC attaches the transplanted organ and causes thrombosis. (4) 
The alternative complement pathway is known to cause also the same cascade 
reaction as described above after the C3 step and finally to form MAC. 

Miyagawa, S. etal. (Transplantation, Vol. 46(6), 825-830, 1988) reported the 
following: {1)the complement cascade reaction triggered hyperacute rejection 
of xenografts via the classical and/or alternative pathway; (2) no hyperacute 
rejection occurred, if the recipients had previously been treated with CVF 
(cobra venom factor) to cause deprivation of C3. From such findings, it has long 
been desired to generate transgenic animals expressing membrane-bound DAP 
and/or MCP, especially those homologous to recipient species, which can 
inhibit the cascade reaction at the C3 step. 

It has been tried to generate transgenic pigs expressing a complement 



inhibitor hDAF {CD55)to decompose human C3 convertase in the porcine 
organs (Rosengard, A. M. etal.. Transplantation, Vol. 59(9). 1325-1333, 1995: G. 
Byrne etal., Transplantation Proceedings, Vol. 28(2). 759, 1996). 

However, it has never been explained whether these transgenic pigs 
completely suppresses hyperacute rejection. Therefore, questions iike the 
foilowing should be answered: 1) Do these transgenic pigs express sufficient 
amounts of hDAF in target organs? 2) Is it necessary to co-express some other 
complement inhibitors? 3) Isn't it necessary to express sugar- transferase gene 
in order to reduce the antigen (sugar-chain antigen), which is expressed on the 
porcine cells and to which human natural antibodies bind? 4) isn't it necessary 
to co-express the above-described gene and other genes encoding the 
thrombosis-preventing protein and the like? Thus, many problems are left 
unsolved to overcome the hyperacute rejection. 

To solve these problems, it is urgent to generate pigs and/or other small- 
sized laboratory animals that can be handled more easily than pigs and to 
examine these animals from various viewpoints. Particularly, in order to carry 
out studies in this field and/or to develop clinical application, it Is valuable to 
generate transgenic pigs and/or small-sized easy-to-handle laboratory animals, 
of which tissues and organs express hDAF of at least the same amounts as or 
larger amounts than those expressed in man. 

Therefore, it has been tried to generate transgenic pigs expressing the 
human complement inhibitors as described above. Expression was examined by 
such methods as the foilowing; {^) in vitro immunohistological examination, (2) 
ex vivo examination by allowing the transgenic pig tissues to contact directly 



with human blood, or (3) in vivo examination by transplanting the transgenic pig 
tissues to primates. It was confirmed that the tissues from the transgenic pigs 
survived and functioned longer than those from nontransgenic pigs in ex vivo 
and in v/fro examinations. 

However, it was not necessarily explained whether the amounts of the 
human complement inhibitors expressed in the transgenic pig tissues were at 
least equivalent to or larger than those expressed in man. 

To generate transgenic pigs expressing the human complement inhibitors, 
the following have been reported as the promoter genes of transgenes; (1 ) the 
promoter genes from nonporcine sources (G. A. Langford et ai.. Transplant 
Proc, 26, 1400, 1994; W. L. Fodor etal., Proc. Natl. Acad. Sci. USA., 91, 
11153-11157, 1994; G. W. Byrne e^ a/.. Transplantation. 63. 149-155, 1997) 
and/or {2} the promoter genes relating to molecules distributed throughout the 
whole bodies of animals (e.g., beta-actin, H2K''). 

Transgenic mice expressing hDAF have also been generated (N. Gary etal.. 
Transplant. Proc. Vol. 25(1), 400-401, 1993; D. Kagan etal.. Transplant. Proc. 
Vol. 26(3). 1242, 1994). The loci and amounts of hDAF expressed in these 
transgenic mice, however, varied from report to report. Strictly speal^ing. no 
transgenic mouse expressing the human complement inhibitor in the due organ 
to develop it (particularly, vascular endothelial ceils) in an amount larger than 
that expressed in human organ has ever been generated. 

To solve the above problems, the present inventors studied to generate 
transgenic animals, particularly those other than man, expressing complement 
inhibitor(s) in the due organs, tissues and cells, particularly the vascular 



endotheliai ceils, in which the complement inhibitors should essentially be 
expressed. The inventors succeeded in generating transgenic animals fuifilling 
the purposes with the promoter gene of the porcine complement inhibitor 
(pMCP) previously invented by the inventors (see Japanese Patent Application 
No. 1 42961 /1 997), by introduci ng the transgene designed to express the 
complement inhibitor{s) in the due organs, tissues and cells, particularly in the 
vascular endothelial ceils, in which the complement inhibitors should 
essentially be expressed, into animals' fertilized eggs, by implanting the eggs in 
the uteri of recipient animals and by obtaining their youngs. 

The examples described below show that the transgenic mice of this 
invention expressed hDAF in various organs, tissues, endothelial cells, 
erythrocytes, and central and peripheral nerves in amounts larger than those 
expressed in human cells. Furthermore, the expression of hDAF was confirmed in 
their erythrocytes and nerves of the transgenic pigs of the invention. 

This invention was accomplished on the basis of such findings. The 
purpose of the invention was to provide transgenic animals useful in the 
medical and pharmacological fields. 

DISCLOSURE OF THE INVENTION 

This invention is related to nonhuman mammals carrying the human 
complement inhibitor (DAF/CD55) gene and expressing the inhibitor in their 
organs and tissues. Furthermore, the invention is related to transgenic 
mammals expressing the human complement inhibitor (DAF/CD55) in their 
vascular endothelial cells, particularly in those of all the organs and tissues. 



It is favorable that the transgenic mammals of the invention are carrying 
the promoter gene of the porcine complement inhibitor (pMCP) at an upstream 
locus of the human complement-inhibitor (DAF/CD55) gene. 

The transgenic mammals of this invention are useful as domestic and 
laboratory animals. 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 illustrates the structure of the transgene comprising pMGP 
promoter (5.4 kb) and hDAFcDNA. 

Figure 2 illustrates the structure of the transgene comprising pMCP 
promoter (0.9 kb) and hDAFcDNA. 

Figure 3 illustrates the structure of the transgene comprising hDAF 
promoter and hDAFcDNA used for comparison. 

Figure 4 shows the PGR profiles obtained by examining the transgenic and 
nontransgenic mammals with hOAFcDNA-specific primers. 

Lanes (1) and (3) of Fig. 4 show the PGR profiles of the hDAFcDNA- 
possitive pig and mouse, respectively. Lanes (2) and (4) show those of the 
hDAFcDNA-negative littermate pig and mouse, respectively. 

Figure 5 shows expression of mRNA of hDAF in various organs of a TgF1 
mouse, a transgenic mouse generated for comparison and a normal mouse 
(nontransgenic mouse). 

Expression of mRNA in various organs of the TgF1 mouse is shown in Fig. 
5(A); that of the transgenic mouse for comparison (generated by introducing 
transgene (3) comprising hDAF promoter and hDAFcDNA) (see Fig. 3) is shown 
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in Fig. 5(B) ; that of the nontransgenic mouse is shown in Fig. 5(C) and that of 
hunnan lymphocyre (K562) at the right end of Fig. 5(C). B, H, K, Li, Lu, S and T in 
each figure stand for the brain, heart, kidney, liver, lung, spleen and testis, 
respectively. 

Figure 6 shows FACS-analysis profiles obtained by treating erythrocytes 
from a transgenic pig and its nontransgenic littermate pig with anti-hDAF 
monoclonal antibodies. Figure 6(A) shows that the erythrocytes from the 
transgenic pig expressed hDAF, whereas Fig. 6(B) shows that those from a 
nontransgenic littermate pig did not. 

Figure 7 shows hemolysis profiles obtained by treating erythrocytes from 
the transgenic (•) and normal (■) animals with human serum. Figures (a) and (b) 
show the hemolysis profiles of the mouse and porcine erythrocytes, 
respectively. The horizontal and the vertical axes of the figure represent the 
complement concentration in human serum and the degree of hemolysis, 
respectively. 

THE BEST MODE FOR APPLYING THE INVENTION 

As described above, the present invention provides nonhuman transgenic 
mammals carrying the human complement inhibitor (referred to as hDAF in the 
following) and expressing the inhibitor in their organs and tissues, particularly in 
the vascular endothelial cells. As far as it is other than man, the species of 
mammals of this invention is not restricted. Examples of mammals are the 
mouse, rat, hamster, pig, catt I e, horse, sheep, rabbit, dog, cat and so on. 

Transgenic mammals of the invention can be generated by the following 



methods: 

First, transgene is prepared by binding promoter gene with hDAFcDNA. A 
part of an appropriate vector (e.g., pGL-3 basic vector, pBluescript and the like) 
is clipped out with a restriction enzyme(s), and the ends of the digested vector 
are truncated. 

Base sequence encoding hDAF is clipped out from hDAFcDNA (see iVledof, 
IVl. E. etal., Proc. Natl. Acad. Sci. USA., 84, 2007, 1987 for example) at an 
upstream locus of the initiation codon and at a downstream locus of the 
termination codon with a restriction enzyme(s), truncated and conventionally 
inserted into the above-described vector. An appropriate promoter gene is also 
inserted at an upstream locus of the hDAFcDNA-introduced locus. 

Any promoter can be used, as far as it can induce expression of hOAF in the 
mammals' bodies. A promoter gene of endothelin is an example. The inventors 
found that a promoter gene of porcine complement inhibitor (pMCP) worked 
more efficiently. The base sequence of the promoter gene of piVICP is defined 
as Sequence No. 1 (see Japanese Patent Application No. 1 42961 /1 997). 

From the vector thus prepared (circular gene), transgene is prepared by 
digesting the region including the promoter and hDAF genes with an 
appropriate restriction enzyme{s). 

Methods to carry out the above-described processes are commonly known 
by those skilled in the art. The processes can conventionally be performed. 

Transgenic mammals can be generated conventionally by introducing by 
microinjecting the above-described transgenes into mammals' fertilized eggs 
(those at the pronucleus phase), implanting the eggs in the oviducts of femaie 



mammajs (recipient mammals) after a few additional incubation or directly in 
their uteri synchronized to tlie pseudopregnancy, and obtaining the youngs. If 
the pronuclei are hard to be recognized because of the presence of many fatty 
granules in the eggs, they may conventionally be centrifuged. 

To find whether the generated youngs are transgenic, beiow-described 
dot-blotting, PGR, immunohistological, complement-inhibition analyses and the 
like can be used. 

The transgenic mammals thus generated can be propagated by 
conventionally mating and obtaining the youngs, or transferring nuclei (nucleus 
transfer) of the transgenic mammal' s somatic cells, which have been initialized 
or not, into fertilized eggs of which nuclei have previously been enucleated, 
implanting the eggs in the oviducts or uteri of the recipient mammals, and 
obtaining the clone youngs. 

As shown in the below-described examples, it was confirmed that the 
transgenic mammals of this invention were carrying hDAF gene, expressing 
hDAF in the endothelial cells of all the organs and being resistant to the human 
complement. 

INDUSTRIAL APPLICABILITY 

The present invention is useful in the medical and pharmacological fields, 
exerting the following effects: 

(1 ) If such organs as the heart, liver and kidney of the transgenic mammals 
of this invention are contacted with human blood or transplanted in primates, it 
can be confirmed that hDAF effectively prevents hyperacute rejection caused 
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by xenotransplantation. 

(2) If the xenotransplantion mode! is prepared by contacting such organs as 
the heart, liver and l<idney of the transgenic mammals of this invention with 
human blood or transplanting the organs in primates, the model will help 
develop not only remedies, devices and the like to prevent hyperacute rejection 
after xenotransplantation but also those to prevent acute or chronic rejection 
after the hyperacute rejection. 

(3} This invention makes it feasible to study hyperacute rejection-related 
problems hard to be solved only by expression of the complement inhibitors 
themselves. Namely, the invention may answer the questions whether it is 
necessary to introduce sugar transferases to reduce expression of sugar-chain 
antigens to which human natural antibodies bind, and/or to introduce factors to 
maintain homeostasis of the vascular endothelial cells [e.g., thrombomodulin, 
etc.). 

(4) If the transgenic mammals of this invention are mated with those 
expressing some other complement inhibitor (human MCP or human CD59), 
synergic effects of the inhibitors can be examined. 

(5) If the organs (e.g., the heart, lung, liver, kidney, pancreas, etc.), their 
adjunctive tissues [e.g., the coronary artery, endocranium, etc.) or ceils {e.g., 
Langerhans islets producing insulin, nigrostriatal cells producing dopamine, 
etc.) from the transgenic mammals of this invention are transplanted to human 
patients whose organs have been damaged and their functions lost, they will 
supplement or substitute the functions of the patient organs. 

(6) If the ceils from the organs of the transgenic mammals of this invention 
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{e.g., ceils from the liver, kidney and the like, Langerhans islets producing 
insulin, nigrostriatal ceils producing dopamine, etc.) are cultured, put in an 
appropriate device, arid connected with hunnan patients ex vivo, it will 
supplement or substitute the functions of the damaged organs of the patients. 

EXAMPLES 

The present invention will specifically be explained in detail with actual 
examples, but the scope of the invention is not restricted to these samples. 

Example 1 

©Construction of transgene 

The transgene comprising pMCP's promoter gene and hDAFcDNA is 
prepared as follows: 

From pGL-3 basic vector (Promega), luc gene was ciipped out at the Nco\ 
and Xba\ sites. Both the ends of the digested vector were truncated with T4 
DNA polymerase. Next, hDAFcDNA containing the first intron was clipped out at 
an Asc\ site of the upstream locus of initiation codon ATG and at an Acc\ site of 
the downstream locus of termination codon TAG, truncated with the T4 DNA 
polymerase and inserted into the above-described truncated vector. Similarly, 
an approximately 5.4-kb region corresponding to the promoter gene was 
clipped out at the EcoRI and Fspl sites from the porcine phage genomic library 
containing pMCP gene (Japanese Patent Application No. 1 42961 /1 997), and 
inserted into the EcoRl and EcoRVs'des of the pBluescript vector. 

(1) An approximately 5.4-kb promoter region inserted in the pBluescript 
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vector was clipped out at the BstEW and EcoR\ sites (the sequence from the 
second to the 5,392nd bases of Sequence No. 1 ), truncated with T4 DNA 
polymerase (the sequence from the second to the 5,397th bases of Sequence 
No. 1), and then inserted Into an Sma\ site at an upstream locus of the above- 
described hDAFcDNA-inserted vector. The region containing the promoter 
gene and hDAFcDNA was clipped out at the Not\ and Eco47lll sites and used 
as transgene (1) (see Fig. I). 

(2) A 1.7-kb promoter region was clipped out at the SsfEII and BssH2 sites 
of upstream loci of the ATG initiation codon of pMCP, truncated with T4 DNA 
polymerase, and then inserted into the Smal site of the above-described 
hDAFcDNA-containing vector. The vector was clipped out at the pBluescrlpt's 
SsfXI and Spe\ sites located at further upstream loci of the promoter and 
linearized. The linearized sequence was digested with a Deletion Kit for Kilo- 
Sequence (Takara) to obtain a deletion mutant possessing the 0.9-kb promoter 
gene (the sequence from the 4,498th to the 5,397th bases of Sequence No. 1). 
The region containing the above-described promoter gene and hDAFcDNA was 
clipped out at the Not\ and Ecc47l 1 1 sites and used as transgene (2) (see Fig. 

2). 

(3) Transgene (3) comprising hDAF promoter gene and hDAFcDNA was 
prepared as follows; hDAF promoter gene was prepared by clipping out an 
approximately 3.8-kb region corresponding to the promoter at the HindlW and 
Asc\ sites, truncated and inserted to an Sma\ site at an upstream locus of the 
hDAFcDNA-inserted vector. A region containing the above-described promoter 
gene and hDAFcDNA was clipped out at the Notl and Eco47\\\ sites and used 
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as transgene (3) (see Fig. 3). 

Each transgene was dissolved in phosphate-buffered saline (PBS) at5 u 
g/ml before used. 

(D Generation of the transgenic mamnnals (mice) 

The transgenes were introduced into mouse fertilized eggs and the 
transgenic mice were generated as follows. 

CBA or C3H male and C57BL/6 female mice were mated to obtain baby 
mice, of which female mice (donor mice) were used to supply fertilized eggs. 
The donor mice were mated with ICR male mice after inducing ovulation (by 
administration of PMSG and hCG). The fertilized eggs (at the prenucleus phase) 
were collected. The above-described transgene (1) or (3) was introduced by 
microinjection into the prenuclei until their swelling was confirmed. The 
transgene-injected prenucleus-phase eggs were implanted in the uteri of the 
recipient mice immediately after transduction or in their oviducts after 
additional incubation for 3 days, and then baby mice were obtained. The 
recipient mice were made pseudopregnancy by mating them with vasoligated 
male mice. 

CD Generation of transgenic mammals (pigs) 

The transgenes were introduced into porcine fertilized eggs and transgenic 
pigs were generated as follows. 

Fertilized eggs were collected from hybrid female pigs (donor pigs) of 
Landrace, Large White and Duroc. After inducing ovulation of the donor pigs (by 
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administration of either PMSG or FSH, and hCG) and artificial fertilization with 
semen of male Duroc pig, the fertilized eggs (those at the prenucieus phase) 
were collected. After centrifugation (for 8 min at 1 2,000 x g) of the prenucieus- 
phase eggs, transgene (2) was introduced into the prenuclei until swelling was 
5 confirmed. The transgene-injected eggs were immediately implanted in the 
oviducts of the recipient pigs, and then piglets were obtained. The recipient 
pigs were either pigs whose sexual cycle had been synchronized to those of the 
donor pigs by the above-described ovulation treatment or those from which the 
fertilized eggs had been collected. 

10 

@ Identification of the transgenic mammals 

Genomic DNA was extracted from the tails of the youngs obtained from the 
recipient mammals and subjected to identification and selection of the 
transgenic mammals by the following two methods: 

15 (1) The dot-blotting method: Genomic DNA (10 ^ g) from the youngs was 

placed on a piece of membrane and hybridized with gene comprising a part of 
biotin-labeled hDAFcDNA. The transgenic mammals were identified by 
detecting the introduced transgene by an alkaline phosphatase-dependent 
photon-generating reaction (Sumalight, Sumitomo Metal, Inc.). 

20 (2) PGR method: PGR was carried out (condition; denaturation for 30 sec at 94°C 
and annealing for 2 min and 30 sec at 68°C, 30 times) with genomic DNA from 
the youngs as a template, 5'-GGCCTTCCGCGAGATGTACCTAATGCC-3' of 
hDAFcDNA as a sense primer and 5'-TGGATAATGGTGAGGTTGGCGTTG-3' as 
an antisense primer. The transgenic mammals were identified by detecting the 
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introduced transgene. The results, shown in Fig. 4, confirmed that some of the 
youngs obtained from the recipient mammals carried hDAFcDNA in their 
genome. Lanes 1 and 3 of Fig. 4 show the results with the hDAFcDNA-carrying 
pig and mouse, respectively. Lanes 2 and 4 of Fig. 4 those of hDAFcD N A-not- 
carrying littermate pig and mouse, respectively. 

(D Propagation of the transgenic mammals (mice) 

The mice confirmed to be transgenic were mated with ICR mice, and then 
baby mice carrying the transgene were generated (termed TgFI mice). 

(D Confirmation of expression of the transgene (transcription of mRNA) in the 
transgenic mammals (mice) 

By the conventional RT-PCR method, mRNA from various organs of the 
TgF1 mice was examined for transcription of hDAFcDNA. For comparison, 
mRNA from those of the transgenic mice generated with transgene (3) 
comprising hDAF promoter gene and hDAFcDNA and mRNA from those of 
normal mice (nontransgenic mice) were similarly examined for transcription of 
hDAFcDNA. The results are shown in Fig. 5. B, H, K, Li, Lu, S and T in Fig. 5 stand 
for the brain, heart, kidney, liver, lung, spleen and testis, respectively. 

With the transgenic mice generated by introducing transgene (1) 
comprising pMCP promoter gene and hDAFcDNA (see Fig. 1), strong signals 
indicating transcription of mRNA of hDAF were confirmed in all the organs 
examined (the brain, heart, kidney, liver, lung, spleen and testis) (Fig. 5A). 

With the transgenic mice obtained by introducing transgene (3) comprising 



16 



hDAF promoter gene and hDAFcDNA (see Fig. 3), a signal of mRNA of hDAF was 
observed only in the testis, whereas no or faint signal in other organs (Fig. 5B). 

With the nontransgenic nnice, no transcription of mRNA of hDAF was 
observed in any organ (Fig. 5C). 

With a cell line of human lymphocyte (K562). transcription of mRNA of 
hDAF was confirmed (the right end of Fig. 5C). 

© Confirmation of expression of the transgene in the transgenic mammals 
(mice) (confirmation of expression of hDAF protein by an immunohistologicai 
method) 

Frozen sections of the TgFI mouse organs were prepared and treated with 
biotin-labeled anti-hDAF monoclonal antibodies and then peroxidase-labeled 
streptavidin. After reaction with a chromogenic substrate (diaminobenzidine; 
DAB), the sections were microscopically examined for the intensity and the 
locus of the expressed hDAF protein. The results are shown in Table 1 . 

With the transgenic mice generated by introducing transgene (1 ) 
comprising pMCP promoter gene and hDAFcDNA, it was confirmed that all the 
organs examined were intensively expressing hDAF. The organs expressing 
hDAF were artial and ventricular myocardia, and endothelia of medium, small 
and capillary blood vessels of the heart, glomerulus, uriniferous tubule, and 
endothelia of medium, small and capillary blood vessels of the kidney, 
hepatocytes, epithelia of bile ducts, and endothelia of medium, small and 
capillary blood vessels of the liver, alveolar wall, bronchioles epithelium, and 
endothelia of medium, small and capillary blood vessels of the lung, epithelia of 
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intestinal mucosa, and endothelia of medium, small and capillary blood vessels 
of the intestines, exocrine glands, Langerhans islets, epitliilia and endothelia of 
medium, small and capiilary blood-vessels of the pancreas, white and red pulp, 
trabeculare lienis, and endothelia of medium, small and capillary blood vessels 
5 of the spleen, cerebral and cerebellar cortex and medulla, and endothelia of 
medium, small and capiilary biood vessels of the brain, seminiferous epithelia, 
interstitial cells, sperms, and endothelia of medium, small and capillary blood 
vessels of the testis and peripheral nerves. 

With the transgenic mice generated by introducing transgene (3) 
10 comprising hDAF promoter gene and hDAFcDNA, the expression of hDAF was 
confirmed only in the testis, but not in the endothelial ceils of the testis. 
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Table 1 



Organ 


Promoter gene used 
to generate transgenic 
mouse 


Normal 
mouse 


pMCP 


hDAF 


Heart 


Artial myocardium 


4- + 






Venticular myocardium 


+ 




- 


Endotheiia of medium, small 
and capillary vessels 


+ + 


- 




Kidney 


Glomerulus 


+ + 


- 




Urinlferous tubule 






- 


Endotheiia of medium, small 
and capillary vessels 


+ + 


— 




Liver 


Hepatocytes 


± 


— 




Epithelia of bile duct 


+ + 




- 


Endotheiia of medium, small 
and capillary vessels 


+ + 


_ 


— 


Lung 


Alveolar walls 


+ + 


_ 




Bronchioles epithelium 


+ + 


— 


— 


Endotheiia of medium, small 
and capillary vessels 


+ + 


— 




Intestines 


Epithelia of intestinal 
mucosa 


+ 




— 


Endotheiia of medium, small 
and capillary vessels 


+ + 




— 


Pancreas 


Exocrine glands 


+ 




- 


Langerhans islet 


+ 




— 


Epithelia of pancreatic 
ducts 


+ 






Endotheiia of medium, small 
and capillary vessels 


+ + 






Spleen 


White pulp 






- 


Red pulp 








Trabeculare lienis 


-f- 






Endotheiia of medium, small 
and capillary vessels 


+ + 






Brain 


Cerebral cortex 


+ + 




- 


Cerebral medulla 


+ + 






Cerebellar cortex 








Cerebellar medulla 


+ -f 






Endotheiia of medium, small 
and capillary vessels 


+ + 






Testis 


Seminiferous epithelia 


+ + 


■ 




interstitial cells 


+ 


± 




Sperms 


+ + 






Endotheiia of medium, small 
and capillary vessels 


+ + 






Peripheral nerve 


+ + + 
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(8) Confirmation of expression of the transgene in the transgenic mammals 
(pigs) (confirmation of expression of hPAF protein by an immunohistoloqicai 
method) 

Expression of hDAF protein was observed in the pigs which had been 
identified to be transgenic by the PGR method as described in ®. 

Frozen sections were prepared from the tails of the pigs and treated with 
biotin-iabeied anti-hDAF monoclonal antibodies and then peroxidase-labeled 
streptavidin as described in ®. After reaction with the chromogenic substrate 
(diaminobenzidlne; DAB), they were microscopically examined for the intensity 
and the locus of the expressed hDAF protein. 

Expression of hDAF was confirmed in the medium, small and capillary 
blood vessels of the transgenic pigs generated by introducing transgene (2) 
comprising the pMCP promoter gene and hDAFcDNA. Besides, expression of 
hDAF was confirmed also in such organs as the peripheral nerves, skeletal 
muscle, and stratified squamous epitheiia of the skin. 

d) Confirmation of e xpression of the transgene in the transgenic mammal (pigs) 
(confirmation of hPAF-protein expressing by FAGS analysis) 

To examine for hDAF-protein expression, the organs of the transgenic pigs 
which had been identified to be transgenic by the PGR method as described in 
® and by the immunohistological method as described in © were subjected 
to FAGS analysis (a fluorescence-activated cell sorter, Becton Dickinson's 
FAGScan) with anti-hDAF monoclonal antibodies. 

An erythrocyte fraction was prepared from blood of the transgenic pig, 
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treated with the biotin-iabeied monoclonal antibodies and then Phycoprobe PE 
Streptavidin (Biomeda], and subjected to FACS analysis. The results are shown 
in Fig. 6 (A). Similar analysis as described above was carried out with a 
nontransgenic littermate pig. The results are shown in Fig. 6 (B). The horizontal 
and vertical axes represent the intensity of fluorescence indicating the amount 
of hDAF expressed and the cell number, respectively. 

As shown in Fig. 6, it was confirmed that the erythrocytes from the 
transgenic pig identified by PGR and the immunohistological methods 
expressed huge amounts of hDAF, but that those from the nontransgenic pig 
did not. 

Figure 6 shows also that the transgenic pigs of this example simultaneously 
possessed erythrocytes expressing hDAF and those not expressing hDAF 
(referred to as mosaic) . it has already been shown that the first generation of 
the transgenic animals (founder) generated by the microinjection method 
sometimes become mosaic, and that such mosaic may disappear by such 
conventional methods as mating and breeding. 

The results shown in (D and® confirmed that the transgenic pigs 
generated by introducing the transgene comprising pMCP promoter and 
hOAFcDNA expressed hDAF from hDAFcDNA in various organs and tissues 
including endothelial cells. 

® Confirmation of expression of the transgene in the transgenic mammals 
(confirmation of the function of hDAF protein) 

It was confirmed that the hDAF protein expressed on the transgenic 
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mammals' cells had the essential function of hDAF protein, i.e., suppression of 
the complement cascade reaction. Confirmation was accomplished by 
determining hemolysis occurring after treating the transgenic mammal's 
erythrocytes with human serum. The erythrocytes were subjected to such 
analyses, since the complement cascade reaction couid be identified by 
observing hemolysis (1) easily due to formation of membrane attack complex, 
and (2) cieariy due to more fragile membrane structure of erythrocytes than 
other cells {e.g., leukocytes, endothelial cells and the like). 

The erythrocyte fractions were prepared from blood specimens taken from 
the transgenic and nontransgenic mouse tails and those taken from the 
transgenic and nontransgenic pig ear veins. After diluting the fractions with 
PBS, a 30- jLc 1 portion of each fraction was placed in a weil of 96-well 
microplates {1 x 1 0^ ceils/well), to which a 70- m 1 portion of complement 
concentration-adjusted human serum (which had been prepared by blending 
human normal serum [HNS] and previously inactivated serum (by heating for 30 
min at 56 "C) [HIS] ) was added dropwise and then allowed to react (for 1 .5 h at 
37°C). Optical density of the supernatant of each well was read at 405 nm with a 
microplate reader (Bio Rad), and the per cent hemolysis caused by the 
complement cascade reaction was calculated. 

The results are shown in Fig. 7, in which figures (a) and (b) respectively 
show the results with the mouse and porcine erythrocytes. The horizontal and 
the vertical axes represent the concentration of HNS in human serum and the 
degree of hemolysis, respectively. Symbols • and ■ in Fig. 7 show hemolysis 
of the erythrocytes from the transgenic and the nontransgenic animais. 
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respectively. 

Such hemolysis occurs (1 ) since co-existence of animal erytlirocytes and 
human serum immediately triggers the classical complement pathway due to 
the presence of the natural antibodies and complement in human serum, and (2) 
since animal erythrocytes (excluding the transgenic mammals of this invention) 
cannot inhibit human complement cascade reaction due to the species- 
specificity of the complement inhibitor. 

As shown in Fig. 7, the erythrocytes from nontransgenic animals underwent 
hemolysis irrespective of the complement concentration in human serum, 
whereas those from the transgenic mammals inhibited hemolysis. These 
findings confirmed that the erythrocytes expressing hDAFfrom the transgenic 
mammals were resistant to human complement. Although the erythrocyte 

population of the transgenic pigs of this invention was mosaic, it was resistant 

to the human complement 



23 



SEQUENCE TABLE 
Sequence number: 1 
Length of sequence: 5,418 
Type of sequence: nucleic acid 
5 Number of chains: double strand 
Topology: linear 

Kind of sequence: Genomic DNA 

Direct origin: A FIXII porcine genome phage library 

Sequence 

10 GAATTGTGC6 TAGACGGGGC CCCGGTGGCT TTACATCATC GCTACAGCGA 50 

CATGGGATCG GAGGGGTGTG TACAAGGTAG AGAACAAGGC GAGATGGTTA 100 

ACGGAATGGA TGAGGAGAGG GCTGAAAGCT GGGGGGTGAT AGATGGTAGT 150 

CAGATTCGTT TGTGCTGAGG GACAATGGGA ACTCCTAATT GTAGATCGAT 200 

CTAGAATTAG GAGTTGGGAT TGTGGGTCAG CAGAAAGGAA TGTGAGTAGG 250 

15 ATCTATGA6G GGGCAGTTTG AGGGGTGTCG TCATGGATTG GGTTAAGGAT 300 

GTGGCGTTGT TGTGTAGGTT GTAGAGAC6G CTCGGATGCG ATGTGGGTGT 350 

AGGGATGATG TAAAGCGACC 6GGGGCGCGT GGTAGGGAGA ATTGNTGGAG 400 

CCGGGGGGAT CCACTAGTTG TAGCNAGAGA GTTGAAAATT TAAAGAACAT 450 

TTCTGGGGTA ATCTGGGAAA ATATGGGCAA AGGACAGGTA GCGGTGGGAG 500 

20 TGGAAAAATA CAGGGAAGGA ACGCATGAGT AGAT6AAAA6 ATGGTGGAGG 550 

GTTCGGCGTA ATGGAAGCGT GAAGAATGGC TATGACATGG TGGGTTTGTG 600 

AAGAAGTAAG TTAAAGAAAC TAGAAATTAA ATGGGTTTCT TAGAATGAAA 650 

ATTCTGTATC AGAAGGAAAA ATGTTGTATG TTGTTTTTGC CATAATCGAG 700 

GTGAGTGGGG GGTATGATTA AGAAATATCT GATGCCTGTG ACTTTTTAAT 750 

25 TGGAAGAAAT CTGTGNAGTT TTTTTATTAT CTATGGGAAA TATTGGATAT 800 

ATTAATGATA TCACCTAACT TGTATTATTG AGCAATTGTG TGCAGATCTG 850 

GGCTTTCATC TTTGATGTAA AAAGCAGGGG CTGGACCAAG TGAGGTTCAG 900 

TGCGATTCTT AGTGGTAAGA TTGTAATTTT GTTTTTATTG GGTTTTTGTA 950 

GAAAAGTGTG AGAGAAGTCA TTTTAAGTGT GTGACATTAA ATGTAATTTT 1000 

30 GTGTCTGGAG GATTATAATA AGAATGAAAG ATTTAATCTA ATACACCGAT 1050 

GGAATATTGT TTATAACGTA TTTAGT6TTT GAAGGCTTGA AAAGCAAGAG 1100 

AAAAGAAAAT GAGTAGCTGT TGCTTCTGAG AAATGCCCTT CTTGCTGTTG 1150 

AGAATCGGTG TGTATAACAG GAATGCTCTC GAGTTAAGAG GGAAGTAA6A 1200 

GGCCCATGGG CTGGGAGGTG GGGACCTAGG TAGGTGCAAG GAGAGGTGGC 1250 

35 AGTGGTGGGA GGACGAAGAG GAGAAAGATG GGTTAACTAT GGTGT6TTTA 1300 

GGAGTTGTGT TAC6GGTTTT GAGAAGAGGT AAAAAGGGGG GTGATGGGGT 1350 

AAAGCGTGTG GGTTCATGCT GCTGGGGGGT CTCTGAAAAG GAGGAGGTAA 1400 

ATATACAATT TAGGAGGTAA GA6GGACATC TGGGATTGTT TTCTTTAACA 1450 

GAGTGAGGGT GTGTTTAATG AATGGGAGCC AGGTGGCTGC AGCTAGGATG 1500 

40 ATTCCTAAGG TTTGGAGAGG AGGTGCGATA GAGGTCAAAA CAC6GWNTAC 1550 
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AGACAAGCAT NTTCTCCATC CGTGCTGATC TTCTCAGAGG GGGCTTGACA 1600 

ACATCTCTAG GAGGGGGTGG AGGCGCCACC AGTGTTTGAG CCGCTCGTTC 1650 

AGGGAAAGCC TTGACTCTGG AGTTCTAGTC CTCGCGGGAC CTTAGGAAGT 1700 

TCACGGTCAA TACTCCGGCC TTGGGCTCAG ACACTAAGA6 GATCTCGGGG 1750 

5 TAAAGAGATA GACAGTAGGT GGATGGGTGA TTTAGGAAAA GTGTGGGTAG 1800 

AGAGAGTTGT AATTCATTGC TTTGAGAGAG AAATGGTGCT GTGTTGCTAG 1850 

TTGGTGAA6T GATTAAAATG AAAAGGTCTG AGAAAG6TGG GAGGATTTGC 1900 

TAAGTCCAG6 GTGGGGGAGG ATGGGGAGAG GCGTGTTGAG GGGGTTTGAG 1950 

AGGAACACGG AGTTATTTGA TTYAGTATGG ATAGGGATAT ATCATGCACC 2000 

10 TGGTATAGGG GTCTGTCTCA GGAGTG6AGA TACAGGAAGA AAACGGTATT 2050 

CCTGCGCCAT GGAGCTTGTW MARAAAAATA GANNNAAAAA GCCTTTANAA 2100 

ANGGAAGCTR GCNGMTGGGN CMAAGTNAAA ATTAAGTAAA AAGAAAWGCG 2150 

TGARRAAACC GTTCAGTNAT ATTAAGAAAG AAANTAGGTT GATGAAACGC 2200 

GAGGTGTANA AATTNNCACT AAAACAATGS TGGGAATTAA AACCCGCMAA 2250 

15 TTCATGGAAT TTACTCNAGT ANCCTGNAAC TAGGRAAACG AAATTGTAGC 2300 

CNATAGTTTC TCCGTTCTAA ATNTTGTGAT GAGAAAAGAA YTTATTTCCA 2350 

AAGANATTTT GCATGATGGG GAAAGTTTTT TTGAACTTTG CTGAGGTATA 2400 

AAGTGAANAT ACAGCATTAA AGTAAA6ATA GTTGGAGAGA CGAGCAAATA 2450 

GATAGCCGTT TTCANAAAAA GTGGCAAGAT 6GAGGGAGAG AAGATTTCCG 2500 

20 TTAGATCACG CTTTTACGGG TTTGAAAATT AAGAGAGATG ATAATCCCCG 2550 

MCGTTGGGTT TCCNACTGGN TGCGTCGTNA ATTTTAGCTC GTTTAATTGT 2600 

CATGATGTGT GGAGATTATA ATGGAAGATA GTAAGATGTT TATNTCATAC 2650 

ATGGCGTCCA GACAGTGTGT GTNANAAGGT GTTGGAAGAA TGGAAAGATT 2700 

GTGGTGGTGT GGGTAGAAAA GGAAATTCCA TGGTTTGTTG AAGGCAGGAA 2750 

25 GTCTTGA6TA GATCTCCGAG GTAAAAGTGT TTAAATACAA TTAAAGTTCT 2800 

AGAGTTAAAG GGTAGCGTGC TCCAGTGTTG GTGGGAATGT AAACTGGTAC 2850 

AATCAGTATG AAAAACAGGA TGGAGGTACT TGAGAAAAT6 AAGTATAGAA 2900 

GTAGGACAGG ATCGAGCACT GTCAGTCCTG GGCAGGTATG AGGAGAAAAA 2950 

ATTGGCTGCA AAAGATGGAT GCACGCATAG CTAT6TTGAG TGCAGGAGCA 3000 

30 TTCAGAATAG CCAAGACATG GAAACGACCT AAATGTGGAT CAACAGCTGA 3050 

ATGCATTAAG AAGACGTGGT ATATACACAC AATGGAATAC TACTCAAGTC 3100 

ATGAAAAAGA AGAAAAGAAT GCCATTTGCA GCAACATGGC ATGGCTGGAA 3150 

CTAGAGAGTC ATGGTAAATG AAGTGAGTGA GAAAGAGAAA GACAAATACC 3200 

AGATGATATG AGTTATATGT GGAATGTAAT ATACGAGACA GATGAAACTT 3250 

35 TCGACAGAAA AGAAAACGTN GATGGAGTTT GGAGAAGAGA GTTGT6GTTT 3300 

GSGCAAGGGG GGARGGGGGG AAGAGCGTGG GAGGAGTGGG GAGGTTTGGG 3350 

GTTAATAGAT GGAAAAGTAT TGCGTTTNGA ATGGATAAGC GAATGGGATC 3400 

GT6CTGTAGG AGAAGCRGGG AAGTATANCT AGTCAGTTGG KNTAGAACAT 3450 

GATGGAGGAT NATNTGAGAN AAA6AATATN TGTGTGTGTK AGAGAGAGAG 3500 

40 AGAGTGGCTG GAGTTTGCTG TATAGTAGAA AAGTGACAGA AGACCGTAAA 3550 
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CCATTAAATA AAAATCCAGT AAAAATTTAA AAATAAAAAC ACACATTGGT 3600 

TCCAATGTGT TTAAAAGCAA TAAAGTTCTA TAATTGGAGC A6ATGGATCT 3650 

GAGGTTTAGA CGGAGAGCTT CCATTCCTTA GCATGCTCTC ATTGGTTAAC 3700 

TCTAATGTGA TAGAGGTTCT ATTCTCAGCA TTGTATGAAG AAAAGAGGAG 3750 

5 GTGATTTACA 6GTTGGATTT TTCAAAAAAA AAAATTTGTT TAGGAGGATC 3800 

GCAAATGTAA CAAAGG6TGA ATATAGAAAA CTTAAAAAGC ACAGGGAAAG 3850 

AGAAATATAC ATAAGGCTTT GAACTATTAA TTTTGATTAA TATCCAAC6A 3900 

ATGTGTTTTT AAGTGTATGA ATATATTATT GATTTTAATA AAAGAAATTG 3950 

CAAGAGGGAG TTGGTTTTTG TGGTTACAAA TACGGTTTGT GAAATGGATT 4000 

10 TTTTTTATAT AGTGTTTGCA TAGAATTTGA ATGCATAAAG CTACCTATTG 4050 

AAAATTGGTT ATATTTGTGG TAAACAGTTA AG6GGTTATA TTTTGTGGAA 4100 

ATTTATACAT GCTTGCTCAC AGTTCTGAGG ATGTCTTT6G GATAAACTCT 4150 

AAATGGAAGT A6AGGTTTAA AAGTTATGTC CATTTAAAAG TTTTAAGAGA 4200 

AAAAAAGGTA AGTTAAAAAG TAAAAGTTTG GGGAGGGTGG TGGTGGGGGG 4250 

15 GGCAACATTG GGTGAGATTT TTATTCTTTG ACAAGAAATA GGAAGAAAAT 4300 

GTGAATGTGT TTTTTTAGTG GTTAATAGTG GTGATGTTAG TTTTCTTTGG 4350 

TTTTGGTAAT GATAGAGGGT TAGTGAGAAG TGTAGAAAAA AATGTTAGTG 4400 

ATTCGTAAT6 TTGGTTGATT GAGAGATTGG TTTGGGGGAA AGGTTGTGAG 4450 

TGTGAGGAAG TGGGAAGAGT GGGAACTGTA AGGAGGGTGG GTGCTTGGAG 4500 

20 AAATAGGGGA GTTAAGGGAG GGTGGTCGTT AGGTTTTTGA TGCATGTGTA 4550 

TTTGATTTTG AATAAAAGAT TGAGTTGTTG GAAGGGGAGA GGATAGA6TT 4600 

GAGGGGGAAG ATGGTAGTGG CGGAGTGTGA TGTAATAATT TAGGTTGGGA 4650 

6GGGTGGTCT GGGGGGGGGT AGAGGCGAGA CTAAGTGACT TTAAGGTGTT 4700 

GGGAGAAGAA TGGGGAAAGG TTTG6TGATT TTGAAATGTA TGAGGGGAGG 4750 

25 AGAGAGTTG6 GTAGGGGACG GTGAAGCGTG GGAATGGGAA GTATTGTGGG 4800 

AAATTTTGGG T6AGTGGTGG GAAAGATTGA GGGAGGGGGG GGGTGTGGAG 4850 

GGAGTGTGGA GTGGGGGAGT GGGGAGCAGA GGGCTGAAGG GTGTGGG6GG 4900 

GGAGGAAAGG GGTGGGGGG6 GTGTAGGGTT TGTGTTTTGA GGTGGGTGGG 4950 

GTTTATTGTG TAATTGAGGG TTGGGGAAAG AGACGATGAG GAGGGGGGGA 5000 

30 GT6TGGTTTA GAGGTTGGGG TGTGGGGTGG GGACAGGTGT TTAGGAAGAA 5050 

GAGTGCAGGA CGGTTTGGGG GAAGGG6GAG GGGTTAGTTG GGGAGAAGGA 5100 

GGAGCGAGGG CGTGGGGCGG GA6GTGGGAG AGAGGGGGGG GAGGGGGCGG 5150 

GGGGGAGGAG GAAGGGGGTG GGTCTCTGGG GCGGAGGGCC GGGGGGGGGG 5200 

GGGCCGACGG GGGGGCGTTG GGGGGGGGGG ATTGGGTGGG GGGGGGGCTG 5250 

35 GAGTGAGTGG GTAGAGGGAG TTGGGGGGAG GGGGGGGGGG AGGGGACGGG 5300 

GAGTGGGGTG AGCGCGGGGG AGGGTGCGGG AGAGG6TGGA TTGTTAGTGG 5350 

TGGTGTGGGA AGTCGAAGAG GTCTGCGGTA GGGTGGTGTG GGGTTAGGTG 5400 

GTGATGTTCG GGAAAATG 5418 
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CLAIMS 

1 . Transgenic mammals other than man carrying gene of a human 

complement Inhibitor (DAF/CD55) and expressing the human complement 
inhibitor in their organs and tissues. 
5 2. The transgenic mammals as claimed in claim 1 , in which they express the 
human complement inhibitor {DAF/CD55) in their endothelial cells; 
3. The transgenic mammals as claimed in claim 1 or 2, in which they express 
the human complement inhibitor {DAF/CD55) in their endothelial cells of 
organs and tissues of the whole body. 
10 4. The transgenic mammals as claimed in claims 1 to 3, in which they carry 

promoter gene of the porcine complement inhibitor (pMCP) at an upstream 
locus of the human complement inhibitor (DAF/CD55) gene. 

5. The transgenic mammals as claimed in claim 4, in which the promoter gene 
comprises the porcine complement inhibitor (pMCP) promoter defined by 

15 Sequence No. 1 or its parts. 

6. The transgenic mammals as claimed in claims 1 to 5, in which they are 
domestic or laboratory animals. 

7. The transgenic mammals as claimed in claim 6, in which they are transgenic 
pigs or transgenic mice. 
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ABSTRACT 

This invention provides transgenic mammais other than man carrying the 
gene of the human complement Inhibitor (DAF/CD55) ■ and expressing the 
human complement inhibitor in their organs and tissues, particularly in their 
endothelial cells. This invention provides nonhuman transgenic mammais 
useful as laboratory animals in the medical and pharmacological fields and/or 
sources of organs, tissues, cells and the like for medical treatment of man. 
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Declaration and Power of Attorney for Patent Application 
Japanese Language Declaration 




As a bdow named inventor, I hereby declare that: 



fciEtJ-Ci-. 



My residence, post of5ce address and citizenship are as 
stated next to my name, 



I believe I am the original, first and sole inventor (if only 
one name is listed bdow) or an original, first and joint 
inventor (if plural names are listed below) of tfac subject 
matter which is claimed and for which a patent is sought 



TRANSGENIC MAMMALS 



the specification of which is attadhed hereto nnless the 
following box is checked; 

S was filed on June 30. 1998 

as United States Application Number or PCX 
International Application Nvunber 
PCT/IP98/02927 

(if applicable) 



I h^by state that I have reviewed and understand die 
contents of the above identified specification, including 
the claims, as amended by any amendrncnt rcffeircd to 
above. 



I acknowledge the duty to disclose infonnation which is 
material to patentability as defined in Title 37, Code of 
Federal Relations, § 1.56. 
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I hereby claim foreign priority under Title 35, United States 
Gode, § 119(a)-(d) or § 365 (b) of any foreign appIication{s) for 
patent or inventor's certificate, or § 365(a) of atiy PCT 
International appiieation which designated at least one counlry 
ofeer than the United States, listed below and have also 
identified below, by diccking the box, any foreign application 
for patent or inventor's certificate, or PCT international 
application having a Hling date before that of tiie applicaticm on 
whicii priority is claimed. 



Prior foreign s^)pIication(s) 



Priority Not Claimed 



(Number) 



(Pay/Month/Year Filed) 



(Day/Month/Year Filed) 



(Number) 



(Country) 



(D^/Month/Year FUed) 

I hereby claim die benefit under Title 35, United States Code, § 
1 19(e) of any United States provisional applieation(s) listed 
below. 



(Apphcation No,) 



(Filing Date) 



(Application No.) 



(Filing Date) 
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I hereby ciaun the benefit under Title 35, United States Code, § 
320 of any United States application(3), or § 365fc) of any PCT 
International appiieation designating the United States, listed 
below and, inso&r as die subject matter ofcutAi of the claims of 
this application is not disclosed in ilie prior United States or PCT 
Internationa} appiieation in die nstoner provided by die first 
paragraph of Thlc 35, United States Code, § 1 1 2. 1 acknowledge 
the duty to disclose in&rmation w^ich is material to patentabihty 
as defined in Title 37, Code of Federal Regulations, § 1.56 
wiiidi became available between the filing date of die prior 
application and the narionai or PCT International filing date of 
this application. 



(Application No.) 



(Filing Date) 



(Stattis)(patc!}tcd, pcndiiig, abandoned) 



(Application No.) (Filing Date) 



(Stanis)(patented, pending, abandoned) 

I hereby declare that all statements made herein of my own 
knowledge are tree and that all statements made on inforraation 
and belief arc believed to be true; and further that these 
statements were made widi the knowledge that willfiii false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Tide 18 of the 
United States Code and that such willfiil false statements may 
jeopardize die validity of the application or any patent issued 
thereon. 
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Mcxic, Reg, No.J3J65iRobert Vr Sloan, Reg, No . 22,775; P elof ,D. Olcxy, Reg. No . 24,533; J. Frank Osfaa, Reg. No. 
^.625; jy adcteU A. Biggart, Reg. No. 24,861; L duis Gubmsky, Reg. No . 24,835; N eil B. Siefecl, Reg. No. 25.200;^ 
DavidTcushing, Reg. N g. 28,703; J ohn R. Inge, Reg. No. 26,916; Joseph J. Ruch, Jr., Reg- No. 26,577; Sh eldon I. 
Landsnjan, Reg. N o. 25.430; Ri chard C. Turner, Reg. N o. 29,710;'H SVyard L. Bernstein, Reg^ N o. 2^:555; Alan J. 
Kasper, Reg, No. 25,426; K enneth J. Burchfiel, Reg. No. 31,333; Gordon Kit, Reg. No. 30,764; Su san J. Mack, Reg. 
NojSoisi; Frank L. Bernstein, Reg. Nq ^3 1,484; M aifc Boland, Reg. NOiJ2J97;. William H. Mandif, Reg. N o. 32,156; 
Brian W. Hannon, Reg, No. 32^778; A^am J, Rosner, Reg, N o. 33,276; Bnic e E. Kramer, Reg, N o. 33,725; _Paul F. ^ 
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c/o Nippon, ^eat Packers, Inc*^ R.esearch and Oeveiopmeni 
Center, 3, Nfidorigahara 3-diome, Tsukuba-shi, Ibaraki 
Japan 300-2646 JAPAN -^xP X ~ 














Pull name of fiflh joint inventor, if any r 
ramotaiSHIGEHISA 


Sli 




jsraaitocis ^gnatiffe Date 












Citizenship y y-v 
Japanese / CA^ 






Post office address 

c/o Nippon Meat Padcras, Inc., Research and Deveic^jment 
Center, 3, Midorigahara 3-chomc, Tsukuba-shi, Ibaraki 
J^jan 300-2646 JAPAN 
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